Abstract-An oral dosing of either acetylsalicylic acid (ASA) or taurocholic acid (TCA) to pylorus-ligated rats subjected to water-immersion stress produced severe damage to the gastric mucosa in contrast to the irritation observed in non-stressed ones. The irritative activity of ASA or TCA on gastric mucosa under stress was dose dependent. Stress itself (23 °C, 7 hr) did not induce any appreciable changes in gastric mucosa of rats. L-glutamine, given together with ASA or TCA, significantly prevented the potentiated development of ASA or TCA-induced gastric lesions in stressed rats. L-glutamine also prevented in varying degrees the reduction of acid and increment of Na+ ion in gastric juice accumulated in stressed rats in response to ASA or TCA.
Both acetylsalicylic acid (ASA) and taurocholic acid (TCA) are known to irritate gastric mucosa and to evoke back diffusion of acid through the broken barrier both in man and experimental animals (1) (2) (3) (4) . In addition, ASA is reported to induce much more severe damage to the gastric mucosa of experimental animals when they are exposed to stress conditions as compared to damage under normal conditions (5) . It was found that stress itself (shock by bleeding) did not cause acute ulcers but resulted in a high occurrence rate of ulcers when coupled with intragastric bile salts (6) . We have found that L-glutamine prevented both normal and enhanced development of ASA-induced gastric lesions in normal, pregnant or cirrhotic rats and prevented the reduction of acid and increment of Na+ ions in response to ASA (7) (8) (9) (10) . Thus, it was of interest to determine whether or not, 1) ASA or TCA can induce serious damage to the gastric mucosa of stressed rats, 2) L-glutamine inhibits the enhanced development of ASA or TCA lesions under stress, 3) L-glutamine has an effect on the ionic changes in gastric juice as the result of ASA or TCA dosing in either non-stressed or stressed rats.
MATERIALS AND METHODS
Male Donryu strain rats, 230-240 g, were deprived of food for 24 hr after which, under ether anesthesia, the pylorus was ligated.
Under normal conditions: Either ASA 16. 40 or 100 mg/kg suspended in 1 carhoxy methylcellulose (CM-IC) solution or TCA 30, 100 or 300 mg/kg dissolved in saline solution was given orally to the rats 15 min after pylorus ligation. In other experiments, L-glutamine 83.3, 250 or 750 mg/kg suspended in 1 0/ CMC solution was given concomitantly with ASA or TCA to the rats orally. Seven hr later, the animals were sacrificed under ether anesthesia and the stomach of each was removed. The gastric contents were collected through the esophagus and analyzed for volume and acidity; the acidity was determined by titration of the gastric juice with 0.1 N NaOH to pH 7.0. The pepsin activity was determined by Anson's method (11) , and was expressed as mg tyrosine per in]. The concentration of Na+ and K+ ions was measured by flamephotometry. The stomach was inflated by injecting 10 ml of 1 % formalin solution through the esophageal junction and immersed in 1 °,, formalin solution for 10 min to fix the inner and outer layers of the gastric walls (12) . Subsequently, the stomach was incised along the greater curvature and the length of each lesion in the glandular portion was measured under the dissecting microscope (10x). The sum of the length (mm) of all lesions for each rat was used as an lesion index.
Under stress conditions: After dosing with either ASA 16, 40 or 100 mg;'kg or TCA 30, 100 or 300 mg/kg per orally, with or without L-glutamine 83.3, 250 or 750 mg/kg, the pylorus-ligated rats were placed in a cage which restrained movement of the animals. The cage was then immersed to the level of xiphoid process of rats in a water bath (23 °C) for 7 hr (13, 14) . At the end of the stress, the animals were sacrificed by a blow on the head and the stomach of each removed, treated with a formalin solution and examined for lesions.
The gastric contents were also collected and analyzed as described above.
Student's t-test was employed to determine the statistical significance.
RESULTS
Effects of L-glutarnine on ASA-induced gastric lesions and gastric contents As shown in Table 1 , gastric lesions induced by ASA in pylorus-ligated rats were marked ly aggravated as the result of water-immersion stress. In particular, at 40 mg/kg of ASA, the lesion index in stressed rats increased more than 10 times compared with that of non stressed ones. In case of 100 mg/kg, however, the increment of lesion index by stressing was only about 2 times as compared to that of non-stressed rats, suggesting that the develop ment of lesions might be reached with a maximum of approximately 40 mg/kg. ASA at 40 or 100 mg/kg produced a significant reduction of acidity and an almost corresponding in crement of Na+ ions dose-dependently but had no influence on pepsin activity in either normal or stressed rats. However, at 100 mg/kg of ASA, the reduction of gastric acidity in stressed rats was less as compared to that in non-stressed ones. Gastric juice volume was found to be greatly reduced by stressing compared with normal conditions. L-glutamine, given together with ASA at 16 or 100 mg/kg, produced a dose-dependent inhibition of the enhanced development of ASA lesions in stressed rats. It should be noted that ASA 16 mg/kg produced gastric lesions in pylorus ligated rats without inducing any appreciable alterations in acidity and Na+ and K+ concentrations and the L-glutamine inhibited the ASA-lesions induced at that dose. L-glutamine prevented the reduction of acidity and increment of Na+ in gastric juice induced at 100 mg/kg of ASA in stressed rats.
Effects of L hutaniinc on TC.-l-induced gastric lesions and ,gastric contents
In contrast to ASA, TCA produced only minor erosions in the body of the stomach in pylorus-ligated rats at the dose level of 300 mg/kg. With TCA, no appreciable changes in gastric juice volume and K+ ion were seen whereas the acidity was reduced and the Nal ion concentration was increased dose-dependently with this agent ( Table 2 ). The pepsin activity was significantly lowered in response to TCA. With L-glutamine, the reduced acidity and increment of Na r ion concentration caused by TCA v ere remarkably recovered to the near control levels. When rats pretreated with TCA were exposed to stress conditions, definite gastric lesions developed in the glandular part of the stomach in a dose-dependent manner. An analysis of gastric juice indicated that TCA induced a marked reduction of the acidity and pepsin activity and increment of Na' ion concentration I-Lit did not influence the juice volume and K+ ion concentration. L-glutamine at 750 mg kg produced a significant in hibition of TCA-induced gastric lesions in stressed rats and at the same time, the reduction of acidity and increment of Na" were prevented. However, the reduced pepsin activity remained unchanged with L-glutamine administration.
DISCUSSION
These results show that under stress conditions both ASA and TCA had noxious effects on the gastric mucosa of pylorus-ligated rats in contrast to the usual irritative activity ob served in non-stressed ones.
As we reported previously (14) , the stressing itself, i.e., water immersion of pylorus ligated rats for 7 hr, did not result in appreciable lesions in gastric mucosa. Although ASA 40 mg/kg induced a relatively small damage on the gastric mucosa in non-stressed rats, more than 10 tunes the irritation was seen in the stressed animals. In contrast to ASA, TCA produced almost negligible changes in the gastric mucosa of rats under normal conditions but evoked an apparent damage in the stressed rats. However, the irritative property of TCA was far weaker than that of ASA in both stressed and non-stressed rats. Regardless of the difference in the potency of irritation, these findings indicate that the gastric mucosa of rats is susceptible to ASA or TCA when the animals are exposed to stress. Since both agents are known to be potent barrier breakers, the potentiation of lesion formation might be caused by the enhanced back diffusion of acid under stress. As a matter of fact, the significant reduction of acidity and increment of Na+ due to ASA or TCA dosing were also observed during the stressing. As already reported by other workers (15, 16) , however, the volume of gastric juice was markedly reduced in stressed rats in contrast to the non-stressed animals.
Whether water-immersion stress enhances the occurrence of back diffusion of acid in response to either ASA or TCA as compared with the non-stressed conditions has yet to be ascertained.
Although it cannot be said that the reduction of acid concentration in this experimental model means a back diffusion of acid, the corresponding increment of Na+ supports the possible occurrence of H+--Na ~ exchanges through the broken barrier in response to ASA or TCA.
The facts that the gastric secretory function was lowered but the development of ASA or TCA lesions increased in stressed rats suggest the partial participation of the possible weakening of the so-called "mucosal defensive mechanism" during the stress to the ag gravation of the damage. It should be noted that L-glutamine, given together with ASA or TCA, significantly prevented the potentiated development of ASA or TCA lesions in stressed rats, just as was found in pregnant and cirrhotic rats (9, 10) . Thus, it would appear that ASA may be safely recommended even to persons who are in stress conditions inasmuch as it is given together with L-glutamine. Bile, which is occasionally regurgitated in the stomach, is speculated to be involved in the pathogenesis of peptic ulcer diseases since bile and its components, e.g., taurocholic acid, are known to break down the gastric mucosal barrier (4). L-glutamine may thus be useful as an anti-ulcer agent when bile and stress are involved in the etiology.
L-glutamine prevented in varying degrees the reduction of acid and increment of Na+ ions in gastric juice in response to ASA or TCA. The data that ASA 16 mg/kg produced gastric lesions without ionic changes in gastric juice while L-glutamine inhibited the ASA lesions in stressed rats suggest that L-glutamine protection in this case may be due to a mechanism other than prevention of acid back diffusion. Exactly how TCA reduces pepsin activity in both normal and stress conditions remains unknown. As to the influence of other amino acids on ASA or TCA-induced gastric lesions in stressed rats, further study is underway.
